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1 $h$ $W$ $L$ $(L\gg W)$
$x$ , $y$ $z$
$z=\zeta$
$\zeta=(o^{\cos}(\frac{m\pi x}{L}I^{\cos}(\frac{n\pi y}{W})\cos(\omega_{m,n}t-\varphi_{0}), (1)$
$m,$ $n$
$\omega_{m,n}$ $(m, n)$ $t$ $\varphi_{0}$
$(0,1)$ $\omega_{1}(=\omega_{0,1})$






( )/W $O(\epsilon)$ $\epsilon$ $\ll$ 1 $\hat{a}_{0}/W=$
$O(\epsilon^{2}),$ $\omega-\omega_{1}=O(\epsilon^{2})$
$X=\epsilon x/W$ , $\tau=\epsilon^{2}\omega t$ , (4)
$x$ $L\gg W$
$(0,1)$ $x$
$\zeta/W=\epsilon[p(X, \tau)\cos\omega t+q(X, \tau)\sin\omega t]\cos ky$ , (5)
$A(X, \tau)=p(X, \tau)+iq(X, \tau)$ , (6)











Larraza $\ Putterman^{1)}$ (7)
$\alpha=\gamma=0$ (nonlinear Schr\"odinger [ NLS ] )
$c>0$ Miles2) (7)
$\alpha\neq 0,$ $\gamma\neq 0,$ $c>0$ Guthart $\ Wu^{3)}$ $\alpha\neq 0,$ $\gamma\neq 0,$ $c<0$
3$\alpha=\gamma=0$ NLS (7) $c$
$A\equiv 0$ , (9)
$A=A_{0}\exp[i\{(\beta+cA_{0}^{2})\tau+\varphi\}]$ , ( $A_{0},$ $\varphi$ ) (10)
$c>C$ $b$ $c$
( $0$ )
$A=A_{0}$ sech $( \sqrt{\frac{c}{2b}}A_{0}X)\exp[i\{(\beta+\frac{c}{2}A_{0}^{2})\tau+\varphi\}]$ , ( $A_{0},$ $\varphi$ ) (11)
$c<0$
kink
$A=A_{0}\tanh(\sqrt{-\frac{c}{2b}}A_{0}X)\exp[i\{(\beta+cA_{0}^{2})\tau+\varphi\}]$ , ( $A_{0},$ $\varphi$ ) (12)




$\cos 2\varphi=\mp\sqrt{1-\frac{\alpha^{2}}{\gamma^{2}}}$ , (15)
(14) $\Gamma$ (15) $\alpha=\gamma=0$
(10) $A_{0}$ $\varphi$ $\tau$ $c>0$
(14) $\beta>0$ ( $\omega>\omega_{1}$ )
4$\gamma\geq\sqrt{\alpha^{2}+\beta^{2}}$ ((14) $\sqrt{}^{-}$ $+$ $A_{0}$ )
$\beta<0$ ( $\omega<\omega_{1}$ ) $\alpha\leq\gamma\leq\emptyset$ $\mp\beta^{2}$ ( (14) $V^{-}$
$+$ ) $\gamma>\sqrt{\alpha^{2}+\beta^{2}}$ $c>0$
$\gamma\geq\alpha$
$A=A_{0}$ sech $(\sqrt{\frac{c}{2b}}A_{0}X)\exp(i\varphi)$ , (16)
(17)
$\cos 2\varphi=\mp\sqrt{1-\frac{\alpha^{2}}{\gamma^{2}}}$, (18)




$A_{0},$ $\varphi$ (14), (15)
$c>0$ (7) (9), (13), (16) Laedke $\ Spatschek^{4)}$
$\gamma\leq\alpha$ $\beta$ (9)
$\gamma>\alpha$ $\beta$ $\beta>0$ (9), (13),
(16) $\gamma>\alpha,$ $\beta<0$ $\alpha<\gamma\leq\emptyset$ $\mp\beta^{2}$




cn (cnoidal wave) . dn Miles2) Umeki5)
$c<0$ sn 6) Laedke $\ s_{P^{af}1schek^{4)}}$






kink (19) $|A|$ $X$
$|A|$
$0$









2 $W$ ( h)
$x,$ $y$ , $z$
$x=0$ \S 2 $(0, n)$
( ) 2
3(a) $y$
6$x=\hat{a}_{0}f(z)\sin 2\omega t$ , (20)
$\omega\sim\omega_{n}$ $\omega_{n}$ $(0, n)$
$\omega_{n}=\sqrt{gk_{n}\tanh k_{n}h}$ , $k_{n}=n\pi/W$ , (21)
$f(z)$ $O(1)$











(20) $\epsilon\equiv\hat{a}_{0}/W\ll 1,$ $(\omega-\omega_{n})/\omega_{n}=O(\epsilon^{2})$
$O(\epsilon)$
$\zeta$
$\zeta=a_{p}\{\cos(\kappa x-2\omega t)+G(x)\sin 2\omega t\}$, (22)
$\kappa$
$2\omega=\sqrt{g\kappa\tanh\kappa h}$, (23)
(22) $2\omega$ $G(x)$ $f(z)$
7$O(1)$ $G(x)arrow 0(xarrow\infty)$ (22) 2
cross wave $\zeta$
$\zeta=a_{c}\{-p(X, \tau)\sin\omega t+q(X, \tau)\cos\omega t\}\cos k_{n}y$ , (24)
$a_{c}/W=O(\epsilon)$ $p,$ $q$ $x$
$X=\epsilon x/W$ $\tau=\epsilon^{2}\omega t$ $O(1)$ cross wave
$A=p+iq$ , (25)
NLS
$i \frac{\partial A}{\partial\tau}+b\frac{\partial^{2}A}{\partial X^{2}}+(\beta+i\tilde{\alpha})A-\vdash c|A|^{2}A=0$, (26)










(27) $\tilde{L}$ $b,$ $c$ (7)
$b,$ $c$ $k$ $b$
$c$ $k_{n}$ $>1.022$ $k_{n}$ $<1.022$
$(\tilde{\alpha}=\tilde{\delta}=0)$ (26), (27)




$c>0$ , $\beta<0$ , $|\tilde{L}|<\sqrt{-\frac{\beta}{b}}$ , (32)
$lh$
$A=A_{0}$ sech $(\sqrt{-\frac{\beta}{b}}x+\theta)\exp(i\varphi)$ (33)
10)
$A_{0}=\pm\ulcorner$, $\tanh\theta=\pm\tilde{L}/\sqrt{-\frac{\beta}{b}}$, $\varphi=\mp\frac{\pi}{4}$ , (34)
2
$(\tilde{\alpha}\neq 0,\tilde{\delta}\neq 0)$ cross wave (29)
(29) Bernoff
16)




$\tilde{L}^{2}>\frac{1}{b}\tilde{\beta}$ ( $\tilde{\beta}>0$ )’ $\tilde{L}^{2}>-\frac{1}{b}\tilde{\beta}$ ( $\tilde{\beta}<0$ ), (36)
(29) $\alpha>0,\tilde{\delta}\neq 0$ (29)
$\tilde{\beta}$ $|\tilde{L}|$ (29)







cross wave Barnard $\ Pritchard^{17)}$
14,18,19)
$\hat{a}_{0}$ ( ) (29) cross wave
$\omega$ $a_{0}\wedge$ cross wave
$\hat{a}_{0}$
$\tilde{\alpha},\tilde{\delta}$ (26), (27)
\S 3.2 Sloshing wave
(24), (25) sloshing wave $A$
$x$ $X$ $\tau$ (26)
(27)
$\frac{\partial A}{\partial X}=i\hat{L}-i\tilde{\delta}A.$ , at $X=0$ , (37)
$\hat{L}$ (37)











$\frac{\partial B}{\partial\tau}+\hat{b}\frac{\partial^{3}B}{\partial X^{3}}+\hat{c}B\frac{\partial B}{\partial X}+\hat{\beta}\frac{\partial B}{\partial X}+\hat{\kappa}\frac{\partial H}{\partial X}=0$ , (38)
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